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When war broke oub in 1914, the mean power of the aviation engines
at the dispesal of ths German Air Force was 100 to 120 H.P. on the
ground. The unit weight of thoss engimes, including the wabter and oil
conteined in them, was from 1.8 to 2 kg. per H.P. Ths flying efficiency
atteined with such power was sippossd to bs more than satisfactory, them
being still believed to be absolute safety at an sltitude of 1200 to
1500 m. from shots fired omn the ground. At this periond, asrial combat
had not yet been thought of . Zwen competent authorities scarcely con-
gidered it crsdible that the erming of aircraft would ever be a matter
of gravs importance.

It soon beceme evident, however, that ever-incrsesing demands
would be made onm the climbing powers of aircraft, in proportion to the
progress achisved by the defensive artillary in the techuics of firing.
Not only was it requisgite that climbing efficiency should reach the
highest possible point; climbing speed would also have to bs raissd
higher and higher in proportion. With this end in view, incressed en-
gine powsr was the first point tsken into consideration. Engines with
150 and 1$0 H.P. on the ground were consequently obteimsd and there
ere many csses, even at the present tims, in which such engiues givse
results that may be considered to be satisfactory.

Another difficulty then aross. The increasing mumber of the duties
devolving on ths pilot led to a corresponding increase in the weight
of the load carried by the airplene. We need only mention, for instance,
armor consisting of one or more machins-guns with ammunition, bombs and
bomb-dropping devices, photographic apparatus and radio, according to
the functions of the machine in quastion; and it was essential that good
climbing power and speed should be atteinsd notwithstanding such addi-
tional weight. This led to the meed for still higher engine powsers,

¥ Extract from a lecturs given at the General Meeting of the Scientific
Asstciation for the Technics of Aviation, at Hamburg, April 19, 1918,
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and sngines with 180, 200, 220 and 260 E.P, were produced. The unit

of weight of these engines was reduced, in the cass of those with 100 and
120 H.P., by 1.5 kg. to 1.8 kg. per H.P. Flying efficiency did not,
howsver, keep pace with jncreasing sengine power tc the extent generally
expected, in spite of the effort that was maede to construct specisal air-
craft for each particular purpose and to eguip such aircraft for that
pwpose alone, so as to reduce its weight and load to the lowest possi-
ble amount. :

The ever-increasing demands created by aerial warfare causing the.
need for a still higher degree of flying efficiency, it became more and
more evident that the development of aviation engines must be carried
out along new. lines, and that increased efficisncy alons would not
suffice to ensure the desired end, the more so because high-powsred en-
ginss were inconvenient from = flying viewpéint, by reason ofthsir
heavy weight and great length, which were unfavorable to ths turning fac-
ility of aircraft equipped with such engines. Recent efforts in the
construction of aviation engines have been dsveloped along two differ-
ent lines, which may be defined as follows: T"Light-weight Construction”
and the "Adeptation of the Aviation Engine to the Requirements of its
Utilization,™ :

In the spring and summer of 1916, the flying efficiency attained ,
through the reduction of the mumber of revolutions of the propeller used
on the engirme from 1400 to about 900 r.p.m., by the Msrcedes 220 H.P.
enzine was so good that it gcemed desirable that all aviation engines
should be equipped with similar gear. This idea wae justified , as pro-
peller efficiency can be considerably improved by means of suck reduc-
tion gear. It wes most effective on the Mercedes 220 H.P. engine with
its 8 cylinders placed tandem-wise, but it gave rise to so much diffi-
culty on 6-cylinder enginss that the expe.riments made on the latter,
with the gear, had to be given up for more urgent tests.

In spite of this, the Aviation Inspection . Department still pushed
c3 the use of reduction gear in Aviation .engime factories, As early as
autumn, 1916, the Department decided upon the utilization of high pis-
ton velocity and a high number of revolutions as the standard for geared
engines, Constructional work was then zealously started on all sides
and the 8-cylinder Vee engine, with power from 180 to 240 H.P., was or-
dered at several factories asthe best high-speed eungine from the flying
standpoint, The unit weight of this engine, including the water and oil
carried, was established at 1.25 %o 1.35 kg. per H.P,, - figures which
can be obtained without difficulty, as has been seen in the case of dif-

fere nt engines of the same nonstructional type now ready for guantity
production.

The enemy had also been pushing :engine developwent along similar
lines, at a somewhat earlier period. In the winter of 1816-17, the
Fre.nch produced their first Vee high-speed engine at the Front, al-
though it had long been known among German aviation experts, The engims
in question is the 8-cylinder Hispano-Suiza from which the French, accord-
ing to accounts given by prisoners, expected mavvelous achievements.

The early models of this engine were not yet supplied with gear. Their
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H,P. was 140, with 1400 r.p.m., and their unit weight was 1.295 kg. per
H.P., jincluding water and oil. This engine gives an excellent impression
at the first glance, with regard to its construction. It was also so
excoptionally highly finished that it attracted a good .dsal of attenticn
in German asronzutical circles. Many effocts were mads to ensure the
further production of the engine without other alteratiom, but this was
not done on account of various weak points in its construction, and be-
cause German high-speed engines had already been in process of con-
struction before the capturs of the first of %hs French engines.

The examination of the above-mentioned engine at the test-bench
(see Fig. l)gave re markabls results: To tegin with, the esngins proved
to be a distinctly high-speed type, its maximum powsr being at about
2400 r,p,m. and consequently by no meens fully utilized with 1400 r,p.m.
and 140 H.P, as at the outset. Secondly, however, tbs engins was found
to have considerable constructive shortcomings. Mention meed only be
meds, for instance, of the defesctive cooling of the exhaust valve, which _
was burnt up each time at the end of 6 or 8 hours. The construction of
the engine was, mevertheless, most instructive and interesting to German
manufacturers, and it soon became accessible tb them, as it was captured
in large numbers. The carburetor, which has already been described in
TECHNICAL REPORTS, (Vol. III, No.4, p.112) is particularly interesting.

The possibility of comstructing high-spead internal combustion en-
gines depends mors upon piston velocity end inertis stresses than upom
the cross-section of the valve. The piston velocity can easily be car-
ried up to 10 and 15 m/sec., engines having already besn comstructed
successfully with about 17 m/sec. piston velocity, as, for instance, in
the case of the French Despujol racing boat engine, The possibility of
adopting the largest cross-sectional arsa of gas-passage is, on the other
hand, limited, especially if great importance bes attacked to the advant-
agoous form of the combustion on account of the high piston valocity, so
that the valve must be suspended at the bottom of ths chamber. It is
desirable that mean gas velocities of 40 %o 60 m/sec. should be obtained
in the fully opened valves. In such cases, when the inlet pipes are
well made and the engins otherwise satisfactorily constructed, a mean
effective presswre of 8 to 9.5 may easily be obtained. The power curve
of s 6-cylinder Benz aviation engine may be taken as an example (see Fig.2)
with 185 nominal H.P. With 1400 r.p.m., this engire produces 197.5 H,P.
normal efficiency at 2 mean effective pressure of 8.4 and 1150 TeDelMa
with 8.75 as maximum value of the mean effective pressure.

A noticeable feature of this engins is that its unit weight, includ-
ing water and oil, is ouly about 1.36 kg/B.P., with perfect safety in
working, although it is not a so-called high-speed engine. In contrast
to the first high-speed ememy enginss produced at the Front, which had
no gear at all and a comparatively low mumber of revolutions, our 8-
cylinder high-speed Vee enginss wers all desigred with gear from the be-
ginning. Tests made with the first working models soon showed that the
gear itself caused serious difficulties. it was therefors also decided in
France that the engine should bs comstructed without gear for the %tims
being; and foreign high-speed engines still show the guestion of gear to
be by no means satisfactorily solved, as almost every factory licensed
to construct the Hispano-Suize has different dimensions for the spur
whoel gear selected for their enginss. -
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The fact of = utilizable high-speed engine nsed ing almost one ysar
and. a half for its dovelopoen: in our case is in mo raspect dus Yo &
lower productive capacitvy on the parts of Germen engips manufacturers,
but is the result of the far higher standard of working safsty reyquired
by us. Not = single foreign engine has sc far been able to stand the 60
hours! duration test which must be passed by every; German fixed engims
before it is considered fit for service at the Front. '

The first high-speed engine issued in guantity production in Ger-
meny wes the Bsnz 195 H,P, 8-cylinder high-speed Ves engins with 125 mm.
bore, 140 mm. stroks, amd 1700 r.p.m. at the crarkshaft, producing 225 H,P,

With o view to bringing it to techmical perfection as soon as possi-
ble, the idea of producing it only when equipped with gear has been aban-
doned, as in the case of the Hispano-Suiza -e@gine, and it has accordingly
been mounted without gear, in a limited number, on model girplanes., It is
especially suitable for the purpose om account of. its high rower at 1400
to 1500 r.p.m., as may be seen from the power curve given in Fig. 3.

In the meantime, a rotary gear with a satisfactory safety factor
has besn successfully counstructed for this engine, its maximum efficiency
being incréased, at the same time, to 260 H,P., The comstruction of
this goar somewhat ressmbles that of the Rolls Roycs, which appsars to be
the best of all the enemy gear. The slightly excessive weight of the
structure may therefore be adopted without hesitation in consideration
of the simplicity of ths spur wheel gearing. :

Watsr and oil included, the engine weighs about 326 kg,, which
corresponds to 1.25 kg. per H.P, Although this is not less than the unit
weight of the 200 H,P. Hispano Suiza engine with gear, the advantage is
still on the side of the Benz enmginme if we compars it to the total en-
gine plant of a Spad airplane with 200 H,P, Hispano Suize engine, in-
cluding fusl for 1-1/2 hours, and to the equivalemt engine plant of a
fighting monoplane; and tho comparison is even mors favorable Yo the Benz
e?g;.ne in flights of longer duration, on account of its low comnsumption
of fusl.

Another high-speed German engine of good power and weight, and which
has probably alsc been issusd in quantity production by this time, is
KORTING EROS.! 8-cylinder High-spesed Vee engine. J¥ts foim is particu-
larly pleasing. With 2 150 r.p.m. at the crapkshaft, it produces 185
to 195 H.P., at the shaft of the spur gear and weighs about 252 kg. with
water and oil, ~ that is, about 1,33 kg. per H.P.

According to statemonts made at the factory, the gear casused no spec-
ial difficulty, being in that respsct unlike other engines in which even
simple spur gear could not be mads to work perfectly although ths dee-
msnds made upon the teeth were gemerally less than in the case of foreign
engines.,

The constructive methods of DAIMIER and ARGUS resemble that of ths
EORTING engine. No reports can as yst be given of their results.

The ADIER Works have selscted a cylinder system differing from the oz-
dinary msthod, in the construction of their high-speed engins. In ordsr
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to obtain a more compact style of comstruction, two crankshafts are lo-
cated iu oue gear box. They rotate in opposite directions, beinz gearad
together by toothed whsels, and they work on four cyiinders each., The
engins works remarkably smoothly and its power oubput is 225 H.P. at

the propeller shaft with 200C to 2100 r.p.m. at the crankshaft. The
propeller runs at 1050 to 1150 r.p.m. The locating of both crankshafts
in ons case enbtails no actual increase in weight, as ths united weights
of the crankshefts is only 24 kgs., wherscas the Hispanc Suiza crankshaft
weighs 21 kg. The unit weight of this sngine amounts to about 1l.24 kg./
H.P, Gearing difficulties were also originally found in this sngins,
but they wors done away with by a special construction of ths toothed
wheels.

In addition to the above-named factories, the QBERURSEL Works are
also coustructing & high-speed engins designsd by Engineer Dr. Bscker,
Assistant Professor at the Imperial Technical High School in Berlin,
which shows some novel details. It differs f£rom previously known mod-
els, particularly with regard to the mechanism driving the camshaft;
the inauguration of such mechanism would bring the maximum power to the
region of 2800. r.p.m. Ths unit weight of the emgisns is also a very
good feature. With 240 normal H.P., relatively squal to 2100 to 2200
T.p.m. at the crankshaft, it woighs 260 kg., that is, only 1.08 kg. per
H.P. This is not due to the utilization of specially high-class mater-
ial, but is attained solely by the disposition and sslection of dimen~
sions of ths engins. The total stress valus is even lowsr than the usu-
al values. DNo further details can bte given, test reports not being
available.

In all these 8-cylindsr high-spssd engimes, the greatest importvance
is attached to the reduction of their construotional lemgth. For this
reason, the magnetos are ususlly located in front, over ths gearbox,
with a view to utilizing that space, and sconomizing space in the rear.

Although the 8~cylinder Vee engine may not be guite equal to ths
6~cylinder engins series in equilibrium, ths latter seriss being perfect
iz that respect, the insrtia forces, which chiefly occwr in a horizon-
tal plars, caused no noticeable dsrangement with the dimensions selected.
The compensating dsvice which was proposed for the engine was there-
fore dispensed with for weight-saving reasons, without any dstriment to
tke smooth running of the sngins. :

For higher powers, the 12 or 10 cyliumder Ves engine should certsinly
be ths given method of construction becsuse of the fres imertia forces of
the 8-cylinder Vee type. Conmsidering the great importance attathed to
facility in tvrning airplawes, it will be necessary that ths engire
should be still further shortemed for combat oms-seaters; for this reason,
ths 8-cylinder ergine bas a successor in ths fan engine, which is being
exg;erimenﬁa.lly constructed in a three-radii type with 9 cylinders, by
OFEL of Russelsheim. Ths next step should te from the fan type to the
Star engire with a view to obtaining the psrfect fixzed high-speed engine
for single-seater airplanss. This type also gives promiss of future
developments in respect of higher powsrs. The star engine also has ths-*
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great advenmtsgs, now thak the. =rwsT of aireraft is.ever on ths increass,
of bsing.armed with the lsast weight possible.

Ths endeavor to obtain a high number of revolutions in connsction
with gearing has also been exterded to the rotary engiaos. Aftar having
already brought out a 110 H.P, rotary engins with transmission gear,
SIEMENS & HATISKE lately isswed a 160 H.P. ll-cylinder rotary engims.

The reduction of the number of revolutions in the propeller is attained
in the latter typse by making the crankshaft and cylinder block work in
opposite directions, They both revolve at 900 r.p.m. in opposite dirsc-
tions, so that the cylinder block attains 1800 r.p.m., as compared to the
crankshaft. This type has the advantage over earlier rotary enginss

nots only on account of its low unit weight dus to high liter powsr, but
also because the low mmber of revolutions of the cylinder star dimin-
ishes the unpleasant gyratory motion usually found in powerful rotary
engines, so that the effect isno longer disagresabls. The exceptionally
short climbing time attained by this engime (see Fig. 4) is due mot only
to the transmission device, bubt also to.other gualities which will be
described later on. LT ,

The effort mads to obtain the highest possible power with the low-
8st cylinder capacity, that is, with the least possible weight, has also
led to the bestowal of more attention on the two-cycle stroks. In spite
of the evident advantages it offers, the development of the two-stroks
cycle system has been neglected in comparison to the 4-stroke cycle en-
gins, chiefly becauss of the great supply of heat in the cylinder and
the high number of revolutions to be considered , which caussd serious
difficulties. The quantity of heat supplisd to the cylinder wall and
the piston head at the time of combustion is surprisingly large. Celcu-
lated on the base of the area wmit, it is, for instance, ten times as
great as that of the fire-box of a locomotive. This explains the neces-
§ity for such a high degres of durability in the cylinder and piston
of many types of engine. In the two-cycle engine, these difficulties are
Svén greater, twice as many combustions taking place with the same num-~
ber of revolutions, so thab twice the amount of calorific heat must be
applied to the same cylindrical dimensions per unit of surface. Prof.
JUNKERS has now developed the portions subjected to the influence of the
hot gases in such a way that those portions can be affectively cooled ..
Another difficulty to be encountered is the scavenging of high-speed two-
cycle .engines. Mixed scavenging is not successful in most cases.

Purs air scavenging necessitates, on the other hand, the direct injec-
tion of the fuel inio the cylinder. The constructive difficulties thers-
by entailsd have been overcome by JUNKERS! high-pressure fuel pump,’
which regulates the quantity of the mixture.

Prof. JUNKERS' aviation sngins is construcied with pistons placed
In opposite directions, as in the cass of the well-known JUNKERS oil-
engines. Two pistons move in opposite directions in one cylinder, the
cembustion chamber being enclosed in their inner dead center. Near the
outer dead center, the pistons control ports in the cylinder wall, through
which fresh combustion air is let in and the consvmed. gases exhausted.
Several cylinders of this kind lie parallel to one another. All the pis-
tons lying in the same direction drive a common crankshaft. The regular
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working of the pistons and the accuracy of their intzke and exhaust con-
trol is ensured by coupling the crankshafts by means of spur wheels. The
engins powsr is supplisd through the projected shaft of ths middie spur
wheel, on which the propeller is generally fixed. This arrangesment bas
the asdditional advantzge of enabling the best number of revolubtions to bs
given to ths propeller shaft, by alteration of the transmission in the
spur wheels, indeps._ndent of the number of revolutions §f. the sngins.

The crank gear is disposed in two cases, which fill up the outer lon-
gitudinal side of the machine, The spur gear is entirely enclosed in &
separate case clossly adjoiming the charging pump, which is projected to
form & gyratory piston pump for the .=dmission of fresk air. The pipes
for the inlet of scavenging and charging air and for the cutlet of ex-
haust gases also extend over the coylinders, the first-named pipe being
constructed on the cass of the charging-punp.

The pistons are eguipped with a singular cooling dsvice, The cavity
of the piston is partly fillsd with heavy oil fluid which is not renewed
in working and is violently dashed backwards and forwards by the motion

_of the piston. Ths fluid thersdy absorbs the heat of the piston head
and discharges it on the cylindrical portion of the piston, which conducts
it into ths cooled cylinder jackset.

The efficacy of this piston cooling has been proved by measuréreats
taken with thermo-elsments. Fig. 5 shows how.the temperature of the
Piston-head gradually rises and attains the inertia condition after 19 min.
This cooling system held good at spesds amounting to 2000 r.p.m. and
also during longer periods of working.

Ths JUNKERS engins has another peculiarity, namsly, that all the
valves that cause great difficulties in high-spsed engines with increas-
ing cylinder capacity and thereby limit the working of the cylinder to
soms extent, are avoided” by means of distribution through port-holes.

The valveless method of coamstruction thereby makes it possible %o
construct reliable light engines witk high cylinder powsr.

The balancing of the masses attained by the disposal of the pistons
in such a manrexr that they work in opposite directions is of importance
with regard to the ubtilization of the light-weight engins, and it can
easily be btrought to perfection by the requisite disposition of the pis-
tons. Combinsd with the good conditions under which the cylindsr charge
is renewed, it becomes poseible, with such favorable balancing of the
masses, to obtain a kigh mumbsr of revolutions and to reduce the unit
.weight still further:s in conssqusnce, As compared to other two-stroke
engines, ths JUNKER has the advantage of being abls to attain high mean
pressures and , in consequence, high powsrs with given dimsnsions. This
is seconded by the complete scavenging of the cylinders and the high com-
pression of the charge, which can, by reason of the absence of over-
h?ated. portions of the combustion chamber, be admitted to the advance ig-
nition without risik. Another favorable point is the slight loss of heat
dus to the smallness of the cooling surface of the combustion chamber.
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1¥elimath HIRTH is now making tests with an engine that is quite
unique in its way. It is a two-@rcle engine, which has no actual scavenge
or charging pump. The exhaust gases are drawn off through the hollow steel
propsller, its peripheral speed being utilized for the production of a
vacuum. This vacuwn not only carries off the exhausgt gasss, but also
simultansously inducts the fresh charge into the cylinder, Ths obsta-
clas to be overcome in the case of the engins consisted in the construc~
tion of a suitable steel propeller and in the iransmission of the hot
gases from the stationary cylinder to the rotating scraw. Both points
have been cleverly disposed of by EIRTH. The cylinders, disposed in
star form, and the control are fundsmwsntally similar to those of the
JUNKEES engine, excepting that the cylindsrs are curved arcund the com-
bustion chamber in such a mammer that the courses of the pistons ars par-
allel. The mechapism is so dispossd that the pistons first expose ths
exhaust orifices and then the intake orificss. The cylinders bsing
charged only by the vacuun produced by the peripheral speed of the pro- -
peller, it might be concluded that there would be difficulty in starting
the engirs. This is not the case, howsver. The secrew is simply turned,
at starting, in the dirsction contrary to ths usval oxs; a depression
is thsreby produced, in the combustion chember, which enasbles the com-
bustion mixture to enter through the inlet orifice thersby exposed.
This engine, too, is supposed to run at high speed with gear, with 2400
r.p.m, at the crankshaft. The weight of a 300 to 400 H.P. engine should
arount to 0.75 to 0.8 kg/BEP including the water and oil in the engirs.
The method of abducting the exhaust gases through the propsller may also
be applied to 4-oycle engines. A botter dsgree of admission can be ob-
Yained by this means, and higher mean pressure and powsr are attainable
in consequence.

Although considerable improvemsnt in flying efficiency may safely
be expected, on account of ths low unit weight of the above-named en-
gines, the light-weight engine is not, in itself, a perfect aviation en-
gine, as the latter would be reguired to supply consistently uniform
Power up to those altitudes in which the greater part of its existence
is spent. In the case of the aviation enginss hitherto constructed,
power always decreases with altitude until, finally, no excess climbing
bower is available for the airplane and the limit of its climbing alti-
tude is thus reachsd. :

The reason for such decraase of power lies, above all, in the de-
crease of atmosphsric pressure with increased altitude. The rotary im-~
pulse and the powsr depend upon the weight of alr admitted into the en~
gine, and upon the efficiency of the transformation of fuel energy into
éngine energy. If such efficiency were the same for all aviation alti-
tudss, the engine power would actually depend upon the useful load of the
®ngine and would follow the course of the atmospheric pressure, With con-
stant horizontal speed on the part of the airplane, the number of revo-
lutions of the engine would necessarily be the same at all altitudes.
4s it is, the mmber of revolutions decreases more or less with increased
f_'lying altitude. The efficiency of the transformation of the fuel energy
into engine power is thereby necessarily lowered. Until quite recently,
the decrsase of power in its proportion to atmospheric pressure was con-
sidered to a sufficiently accurate basis. Recent tests have proved, how-
sver, that the actuval decrease of power is considerably greater.
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Further details were supplisd by tests made in the vacuum chamber
of the ZEPPELIN aircraft works at Frisdrichshafen, ac already reporfed in
Technical Reports, Vol. III, No. 3, p.1. These tests gave striking proof
of the fact that the power of engines does not keep proportional pace
with the decrease of Ltmosphsric pressuve with increasod altitude, and
that fusl consurption increases with increasing altituds. The increase
of fuel consumption therefore gives the courss of the powsr curve.

High altituds tests made with a Daimler, a Maybach and a Benz en~
gine - the results of which were published in Technical Repotrts, Vol. III,
No. 1, p.15 - have shown how the increasing fuel perceuntage of the miz-
ture affects the transformation of fusl ensrgy into sngins powsr. They
also showsd that the working of the engine deteriorated with inecreasing
altitude. This lsads to the conclusion that in developing altituds en—
gines, the carburetor and, whenover possible, the efficiency of the trans-
formation of smergy should be improved, and that the air inlet should
always take placs at the same degree of pressure. The objsct of the im-
provemsnt of the carburetor would be to supply a mixture of air and fuel
that would remain constant under all conditions. In order to be abls to
do this, however, it would first of all be mecessary to give some axpla-
nation of the manner in which the carburetor works. It may be assumed,
as a leading principls, that sir and fuel flow uniformly through nozzles
working without friction. This is the case with short nozzles as woll
as with tapering nozzles, also with throttle valves with sufficiently
largs orifices. When ths fluid passes through long narrow grooves and
Pipes, such conditions are no lomger fulfilled. If spscial attention
were paid to this point in constructing carburstors, it might at any rate
be pogsible to ensurs only a slight decrease in the mumber of revolu-
tions of the engine at altitudes, such as is upavoidable on account of /‘\

$h> 1ig.ib cporatine lcad..

So far as the improvement in the transformetion efficisncy of fusl \
ensrgy into engins power is concernsd, such efficiency largely depends
upon the thermal efficisncy. The lattsr rises with the comprassion, -
that is, with the proportional cylinder volums of the engins + the volums
of the compression chamber, as compared to the volure of the compression
chzmber. The ccmpression ratio is, however, limited by the final temper-
ature of compression and the temperature of the cylindsr, if spontaneous
combustion is to be avoided. For separate methods of engirs construc-
tion, this limlt depends upon the disposition of the cooling-water pipes
and more particularly still upon the cooling of the ignition sparks.

Thess considerations entail the raising of the ratio of compression
from normal 4.6 - 4.9 to 5.8 ~ 6.6, and to the introduction of the so-
‘called over-compression engines. With such high-ratio of compression,
spontaneous combustion occurs even below 2000 m,, so that the engines mugh
be throttled up to that altituds in order that they may not be worksd
at mazimm power and that their temperature may be reduced.

In comparison with engines with normal compression, thass engines
attained considsrably better climbing time. The first of the type was
the Maybach 260 H.P, engine. Ibs success led to the subsequsnt construc-
tion of other engines for over-compression. Conclusive tests were made
on several Bamz 200 H.P. engines with regard to the effect of various



ratios of compression (see Figs. 6 to 9). In Figs. 7 and 9, a compariscn
is drawn beiween the registersd increase of the mean pressuts APm

relative to the mean pressure Bpg» the ratio of compression being €S=5

end the increase theorstically calculated by raising ths ratio of com-
prassion by means of the formula:

k-1 k-1

Apm' €S —"6 « 100
Pms I_ € k"l

The result of this tsst is remarksble by reason ¢of ths fact that
the meximum mean pressure increases whken the number of revolutions in~
creases (see Fig. 8). It may therefore be concluded that increased
COMPRESSION RATIO is particularly propiticus in the case of high-speed
engines. Ths increase in the rapidity of conswumption is also dus to the
fact that the mean effective pressure actually increasses, with higher
compression ratios, more then might be expected from the theoretical
standpoint. In Fig. 10, the power, %turning moments and fuel consumption
of the Benz 200 H,P. engins, No. 32524, are shown with different com~
Pression ratios in terms of the number of revolutions. They show that
the engins gives bad results with the maximmm compression ratic 6, such
results being dus to spontaneous combustion and already signalled by the
variable running of the engins and excessive fuel consumption.

Even the adoption of super~compression in commection with carburetors
constructed for high altitudes does not finally settle the question of
the adaptation of the aviation engine to its working requirements. An
effort must te meds to prevent any loss of power at all up to the custom-
ary flying altitudes. There are two ways in which this might bs dome,
and which amount to practically the same thing: by inducting fresh air
into the engins at constant pressure, - that is, at ground level pressure -
or at the pressure prevailing at the altitudes up to which the power is
to remain inveriable. The first method entails the construction of a pre-
liminary compressor in the form of a turbo or positive blower; ths second
entails the construction of an engire in which the cylinder dimensions
are proportionally too larges for the gear, and with its power throttled
déwn.to its nominal H,P, up to a certain altituds. This type of evgine may
be called Yover-sized", or sald to have dimensions specially adapted to
high altitudes. _ -

Proliminary compressors for aviation engires, in the form of turbo-
comprossors, are sither teing consirurted or being tested in diffsrent
places. The furthest advanced is that of BROWN, EQVERI & C0., who have
constructed an installation for glant airplanes of 1000 to 1100 total B.Ps,
at the request of the Board of Directors of the Air Service. The compressor
was driven by a special Mercsdes 130 H.P. engine of such dimsnsions that
the total power of the installation remains constant up to an altitude of
about 5000 m. Complete tests were carried out with regard to the combined
working of a Mercedes 260 E.P. aviation engine and a preliminury compressor,
in the vacuum chember of the ZEPPELIN Airship Works at Friedrichshafen, and
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it was proved that tha desired end could be perfectly well attainsd.
Flyinz tosts made since that time have also proved the utility of the in-
stallation.

About the time that the Administration of the Air Service entered
into negotiations with BOVERI, EROWN & CO. concsrning preliminary com-
pressors for aviation engines, SCEWADE & CO., of Erfurth, brought out de-
signs for a turbo-compressor to be directly coupled with a Mercedss 260
HP engine, and it has since bteen tested at the test-bench. The blower is
worked from the rear end of the craukshaft, by means of centrifugal
coupling, with 10000 t¢ 11000 r.p.m. Such high whesel velocity is requi-~
site in order to obtain the highest possible peripheral speed and to re-
duce, in consequence, the number of whsels; comsidering the slight quan-
tity of air exhausted by the compressor, small wheel dismeters must bs
selected to obtain wheels of the nscessary practical size. The quantity
of air supplied by the compressor is such that the engine power remains
constant until an altitude of 3500 to 4000 m. has been attained. It was
not considered advisable to proceed farther at the time, as it would have
necessitated the use of propellers with adjustable blades in order to ob-
tain the full bensfit of the improvement, and it was not yot known if they
could be successfully applisd. In the case in guestion, propellers of °
larger pitch were to be used, running at low whesl velocity on the ground
but gaining such a high torque that the engine should be as fully charged
as at 1400 r.p.m. It is intended that the engins should be correspondingly
overloaded by the supsr-compressor. The wheel velocity should increase
with incressed altitude and should attain 1500 %o 1550 r.p.m. at the al-
tituds at which the power remains constant. Ths advisability of such an
overload depends entirsly upon the strength and pressurs of the surfaces
or upon the frictional energy of the gear, by waich the temperatures of
combustion are not affected, The proof of the poseibility of such over-
loading has been furnished by tests since ocarried out at different places.
The SCHWADE blower was installed on an AEG-G-airplame for testing in the
alr. It is unforbtunate that the machins was lost in a flying accident
which was in no respect éus to the location of the blower.

With a view to avoiding oscillations that might arise at the rear
end of the crankshaft, in driving high-speed blowers, and which might
threaten to cause the utility of the whole installation to be doubted
- undsr certain comditions, a blower of eaually high powsr was simultane-
ously ordered at the SYEMENS-SCHUCKERT Works, to be driven by the screw
end of the crankshaft. Tosts made since that time with the SCEWADE blower
sho;vhthat it is evidently possidle to avoid the influsnce of oscillatiin
on the gear in wusing hand-coupling or couwpling by centrifugal forees, al-
though ths oscilla,t%on j.tselgp wi?%. not hgpd.ogg agay with.ug :

4s in the case of fixed engines, tests are also made with turbo-com-
pressors on rotary sngines. '

In order that the carburetor may be subjsched to conditions simtlar
to those of the sea level .in the combined working of compressor and engiue,
the float chamber must be placed under blast pressare. When the gasoline
is supplied under pressure, the tank is subjected to the pressure of the
Compressor as well as to the usual pressure of 0.25 to 0.3. It is prefera-
ble, however, that the tanks Should not be subjected to presswre and that
ths gasolinme should be supplied by means of purps.
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Fig. 11 shows the power absorbsd by ths above-mentionsd turbo-
comprassor. In ordsr to maintain constant engirs power up to an alti-
tuds of 6000 m., 8.8% of the engine power was requived. Bsing relatively
small, that quantity can bs taken from the engine without any difficulty,
by means of overloading, Consideration must alsc bs given to the fact
that an increase of powsr at 6000 m. is added to the engiuns power on
the ground because the engine only exhausts at an atmosphsre of aboub
0.5, while it bscomes chargsed at a pressurs of 0.5, that is, during the
time that the suction stroke acts as a compression enginms., If, therefors,
the pressurs in front of the carburetor is to remzin comshant until high
altitudes are reachsd, by preliminary compression, the engine power
must not mersly remain constant but must also increase. This has been
positively proved by the rasults of tests carrisd out in ths vacuum
chamber at the ZEPPELIN Works at Frisdrichshafen.

Over-sized engines prove to be more simply adjusted than those with
breliminary compressors. All complementary building parts are unneces-
sary with the exception of a regulating device to be installsd in fromt
of the carburetor. There can be no doubt but that this sngine will
come to the fore in ths future, although the preliminary compressor may
have ths preference for its comparatively high power at altitudes of 6000
and 7000 m. At the pressnt early stagse of development,.it camnot yst be
definitely stated at what altitude ths preliminary compressor has the
advantage as regards waight. Up to 4000 m., howsver, the over-sized
enginge is certainly preferable in respect of weight ard construstor.

The circunference of the cylinder stroke naturally increases with alti-
tuds in the cass of the over-sized engins, until the altitude is attained
at which the power is to remain constant (see Fig. 12).

In this figure, the nscessary increass of volume of stroke is shown
without the possibility of any additional super-compression being taken
into consideration. If super-compression is employed at the sams tims,
the voluwme of the strokss is materially diminished. Below 4000 m., the
increase of weight through increased stroke volume, and ths lengthening
of ths total comstruction thereby necessitated, would appear to excsed
the weight of a preliminary compressor. The gusstion canmot, however,
bs determinsd by consldsring the weight aloms., Tor the pressent, greater
safety in working end more convenient inbuilding mey rather be expected
of the over-sized engins than of the engims with preliminary compressor,
as the latter requires to be driven with highly sensitive spur gear with
high tooth velocities.

. The Meybach engine was not only ths firse super-compressed engins,
but also the first over-sized engine, although its over-size was not so
highly developed as in more recent types. The BAVARIAN ENGIME WORKS, Ltd.,
went a step further with thsir 185 H.P. It resembles the Mercedes 160
H.P. engine in weight and constructive parts, and its dimensions are such
that its power remains constant up to almost 3000 m. _The high degres of
compression of this engine is remarkabls. It attains 6.7 without the
creation of any difficvlties. This fact is probably to be ascribed to
skilllful induction of the cooling wabter into tks cylinder-head. Thse
SIEMENS and GOEBEL eugines ays eXamples of over-sized rotary engines. It
was Professor JUNKERS who first recognized the advantages offersd by
over-sizing and obtained a patent for the same.* '

* D.R.P. No. 300007.
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Enginas with preliminaty compressors and over-sized engimss requirs
constant regulation of the prossure in fromt of thse carburetor wkile
climbing. For enginss with preliminary compressors, the inlet air or ...
in ths case of turbo-comprsssors, ths air forced into the carburetor,
can be throttled down or allowsd to escaps through a pressure-valve. In
over-sized engines, the inlet piping must be equipped with a throttling
device which so regulates the pressure in front of ths carburetor that it
always corresponds to the pressure of ths albitude at which the powsr
is to remain constant. It may be dons by band, according to rsadings of
the altimeter, or it may be regulated automatically. The latter methed
is preferable in so far that there is then no risk of damege to the engins,

at low altitudss, by inexpert handling, :

These automatic regulators are constructed like barcmetric installa-
tions. Figs. 13 and 14 show a utilizable plan of the LORENZ type of pro-
peller, which consists of an unloeded double-seated valve. It is worked
by means of a caoutchouc membrans f£illsd with ajir at the pressure prevail-
ing at the altituds in quostion. This membrane is placed in the space in
front of the carburstor, in which the pressure is to remain constant. As
squilibrium always prevails while the gear is in action, there is similar
pressure on both sidss of the membrans, inside and outside, amd conse-
Quantly no stress is brought to bear upon it.

In the same way that the float case of the carburetor must be con-
nected with the pressure chamber of the blowsr in the case of engines
with preliminary compressors, so must the float case he commescted with
the space in front of the carturetor when the engins is an over-sized ons.
In the same mannsr, over-gized engines may be overloeded at the start,
for a short time. If pver-sized engines ars alsoc over-compressed, the
overload can evidently only be carried to such o point as is compatible
with safety from spontansous combustion.

The construction of variabls pitch propellers goes hand in hand with
the development of altitude engines. BHere, too, satisfactory progress
bhas recently bsen mads. A design has been furnished by Prof. REISSNER
in which ths pitch is regulated by hand and which has been shown to b .util-
izable when tested with overloading. The LORENZ PROPELLER type gives an
automatic variable pitch propeller, in which a caoutchouc membrans in-
flated with air at 1° absolute tempsrature causss the pitch variation
corresponding to the given altitude. This type of barometrical dsvice
has the advantage of senabling the requisite regula_.tin’g power to be easily
obtained by the relative dimensions of the membrane. To ksep this power
as low as possible, the axis of rokation is placed as nearly as possible
in the center of pressure.Flufteriry #f the blades is prevented by an
0il cataract.

The firm of GARUDA has also taken up the comstruction of variable
pitch propellers and has a most interesting improvement now in hand, the
pitch being so adjusted, by means of a centrifugal force regulator and &
fore~coupled bydraulic Servo-engine, that the mumber of revolutions remains
constant. The constructive system is extremely clear and summary. Such
variable pitch propellers should be an acquisition on normal engines, as
they render it possible to fly with a normal number of revolutions during
the climb and thus to utilize the engine power to its full capacity. In
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time of war, the speed of the airplans can be accelerated by compression
at the momsnt of danger just as well as at present, in spite of the con-
stant nunber of revolutions, the propeller being simply automatically
adjusted for larger pitch. ,

SUMMARY.

The dsvelopment of aviation engine construction during ths War will
be fully described later on, the progressive adaptation of the aviation
engiune to the demands brought to bear uwpon it being sspecialiy.pointed
out as the main object to be attained by such development. The means
available for that purpose will be stated and the results so far obtained
will bo discussed. In conclusion, reference will be made to the influence
of engine construction on the development of the propeller.
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